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SYSTEM AND METHOD FOR
CONTROLLING TORQUE INTERVENTION
OF HYBRID ELECTRIC VEHICLE DURING

SHIE'T

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims under 35 U.S.C. §119(a) the
benefit of priority to Korean Patent Application No.
10-2015-0128182 filed on Sep. 10, 2015 with the Korean
Intellectual Property Oflice, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a system and method for
controlling torque intervention of a hybrid electric vehicle
during a shift. More particularly, it relates to a system and
method for controlling torque intervention of a hybnd
clectric vehicle in which transmission input torque may be
reduced so as to remove a sense of difference caused by a

shift and shift shock.

BACKGROUND

Among green vehicles, hybrid electric vehicles and plug-
in hybrid electric vehicles employ a motor as well as an
engine as power sources to reduce exhaust gas and to
improve fuel efliciency, and have a power transmission
system which separately transmits power of the engine or
the motor to drive wheels, or transmits power of both the
engine and the motor to the drive wheels.

An exemplary power transmission system for hybnd
clectric vehicles includes, as exemplarily shown in FIG. 1,
an engine 10 and a motor 12 disposed 1n series, an engine
clutch 13 disposed between the engine 10 and the motor 12
to transmit or 1mterrupt power of the engine 10, a transmis-
sion 14 to shift and transmit power of the motor 12 or both
power of the motor 12 and power of the engine 10 to drive
wheels and then to output the power, a hybrid starter
generator (HSG) 16 which 1s a kind of motor connected to
a crank pulley of the engine 10 so as to transmit power and
generate electricity to start the engine 10 and recharge a
battery, an imnverter 18 to control the motor 12 and to control
clectricity generation, and the rechargeable high voltage
battery 20 connected to the inverter 18 so as to provide
clectricity to the motor 12.

Such a power transmission system for hybrnid electric
vehicles, 1n which the motor 12 1s mounted close to the auto
transmission 14, 1s referred to as a transmission mounted
clectric device (TMED) type and provides driving modes
such as an electric vehicle (EV) mode only for electric
vehicles 1n which only power of the motor 12 1s used, a
hybrid electric vehicle (HEV) mode in which the engine 10
1s used as a main power source and the motor 12 1s used as
an subsidiary power source, and a regenerative braking (RB)
mode 1n which, when the vehicle 1s braked or 1s driven using
inertia, the braking and inertia energy of the vehicle 1is
recovered through power generation of the motor 12 and
thus recharges the battery 20.

With reference to FIG. 2, 1f transmission mnput torque
input from the engine 10 and/or the motor 12 1s constant,
transmission output torque 1s changed due to clutch connec-
tion or separation during a shift and, thus, a driver feels a
sense of difference caused by a shift or shift shock.
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Therefore, during a shifting process of a hybrid electric
vehicle, a sense of difference generated at shift 1s mimmized

through optimal slip control of a clutch within a transmis-
sion and a brake using a fluid (a transmission oi1l), and, 1n
order to reduce shock generated when the clutch 1s con-
nected to or separated from the inside of the transmission
during the shifting process, torque intervention control to
momentarily reduce transmission input torque 1s applied, as
exemplarily shown 1n FIG. 2.

In such torque intervention control, a subject of torque
reduction to reduce transmission mput torque 1s an engine,
a motor, or both an engine and a motor.

However, 11 the subject of torque reduction i1s both the
engine and the motor, torque ntervention control 1s carried
out 1 a situation 1 which battery charging i1s partially
restricted or a situation in which motor torque control 1s
insuilicient and torque control responsiveness 1s lowered, as
compared to the case where the subject of torque reduction
1s the motor, and there 1s a difliculty in properly distributing
torque to the engine and the motor.

Further, when engine torque for torque intervention con-
trol 1s reduced, a change of the 1gnition angle of the engine
to correspond to rapid torque change causes a lowering of
elliciency of the engine and lowers fuel efliciency.

SUMMARY OF THE DISCLOSURE

The present disclosure has been made 1n an effort to solve
the above-described problems associated with the prior art
and 1t 1s an object of the present disclosure to provide a
system and method for controlling torque intervention of a
hybrid electric vehicle at shift in which, during torque
intervention control, engine torque 1s maximally maintained,
and torque intervention control by HSG and motor torques
1s carried out through optimal torque distribution 1n consid-
cration of efliciencies of the HSG and the motor so as to
promote fuel efliciency improvement.

In one aspect, the present disclosure provides a method
for controlling torque intervention of a hybrid electric
vehicle at shiit, the method including judging whether or not
torque intervention control 1s necessary, determining a
torque intervention demand according to states of a motor
and an HSG, upon judging that torque intervention control
1s necessary, and executing torque intervention control by
HSG and motor torque reduction amounts under the condi-
tion that engine torque 1s maximally maintained based on the
determined torque intervention demand.

In a preferred embodiment, if motor and HSG torque
control may not be executed, an engine torque reduction
amount may be determined as the torque intervention
demand.

In another preferred embodiment, 11 motor and HSG
torque control may be executed and the current driving
mode of the hybrid electric vehicle 1s the EV mode, the
motor torque reduction amount may be determined as the
torque 1ntervention demand.

In still another preferred embodiment, 1f motor and HSG
torque control may be executed, the current driving mode of
the hybrid electric vehicle 1s the HEV mode, and the torque
intervention demand 1s greater than the sum of motor
charging restriction torque and HSG charging restriction
torque, the sum of an engine torque reduction amount, the
motor charging restriction torque and the HSG charging
restriction torque may be determined as the torque 1nterven-
tion demand.

In yet another preferred embodiment, 1f motor and HSG
torque control may be executed, the current driving mode of
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the hybrid electric vehicle 1s the HEV mode, and the torque
intervention demand 1s less than the sum of motor charging
restriction torque and HSG charging restriction torque, the
sum of the maintained engine torque, the motor torque
reduction amount and the HSG torque reduction amount
may be determined as the torque intervention demand.

In still yet another preferred embodiment, the motor
torque reduction amount and the HSG torque reduction
amount may be determined by optimal torque distribution 1n
consideration of efliciencies of the HSG and the motor.

In one aspect, the present disclosure provides a system for
controlling torque mtervention of a hybrid electric vehicle at
shift, the system including a torque intervention control
judgment unit configured to judge whether or not torque
intervention control i1s necessary, a torque intervention
demand determination unit configured to determine a torque
intervention demand according to states of a motor and an
HSG, upon judging that torque intervention control 1s nec-
essary, and a torque intervention controller configured to
execute torque intervention control by HSG and motor
torque reduction amounts under the condition that engine
torque 1s maximally maintained based on the determined
torque intervention demand.

Other aspects and preferred embodiments of the disclo-
sure are discussed inira.

The above and other features of the disclosure are dis-
cussed 1nira.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present disclosure will
now be described in detail with reference to certain exem-
plary embodiments thereof illustrated 1n the accompanying,
drawings which are given hereinbelow by way of 1llustration
only, and thus are not limitative of the present disclosure,
and wherein:

FIG. 1 1s a view 1illustrating a configuration of an exem-
plary power transmission system for hybrid electric
vehicles;

FIG. 2 1s a graph illustrating the concept of torque
intervention control;

FIG. 3 1s a flowchart illustrating a method for controlling
torque intervention of a hybrd electric vehicle during a shift
in accordance with the present disclosure;

FI1G. 4 15 a block diagram of a power transmission system
to which torque intervention control of a hybrid electric
vehicle during a shift in accordance with the present disclo-
sure 1s applied, 1llustrating an example of determination of
reduction amounts of motor torque and HSG torque; and

FIG. 5 1s a graph illustrating a method for controlling
torque intervention of a hybrid electric vehicle during a shift
in accordance with the present disclosure.

It should be understood that the appended drawings are
not necessarily to scale, presenting a somewhat simplified
representation of various preferred features 1llustrative of the
basic principles of the disclosure. The specific design fea-
tures of the present disclosure as disclosed herein, including,
for example, specific dimensions, orientations, locations,
and shapes will be determined 1n part by the particular
intended application and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present disclosure throughout the
several figures of the drawings.

DETAILED DESCRIPTION

Hereinafter reference will now be made 1n detail to
various embodiments of the present disclosure, examples of
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which are illustrated 1n the accompanying drawings and
described below. While the disclosure will be described 1n
conjunction with exemplary embodiments, 1t will be under-
stood that the present description 1s not intended to limit the
disclosure to those exemplary embodiments. On the con-
trary, the disclosure i1s intended to cover not only the
exemplary embodiments, but also various alternatives,
modifications, equivalents and other embodiments, which
may be included within the spirit and scope of the disclosure
as defined by the appended claims.

Hardware to control torque of a hybnd electric vehicle
may include a hybrid control unit (HCU) of the hybnd
clectric vehicle, an engine control umit (ECU) to control
engine torque according to torque instructions from the
HCU, a motor control unit to control HSG and motor torque
according to torque instructions from the HCU, and a shait
control unit to execute shift-related control.

In accordance with the present disclosure, the HCU may
include a torque 1ntervention control judgment unit to judge
whether or not torque intervention control is necessary, a
torque 1ntervention demand determination unit to determine
a torque intervention demand according to motor and HSG
states upon judging that torque intervention control 1s nec-
essary, and a torque intervention controller to execute a
torque intervention control according to HSG and motor
torque reduction amounts under the condition that engine
torque 1s maximally maintained based on the determined
torque 1ntervention demand.

FIG. 3 1s a flowchart illustrating a method for controlling
torque intervention of a hybrd electric vehicle during a shift
in accordance with the present disclosure.

First, the torque intervention control judgment unmit judges
whether or not torque intervention control i1s necessary
(Operation S101).

That 1s, when the shiit control umt of the hybnd electric
vehicle transmits a signal indicating that shiit 1s underway to
the HCU, the HCU judges that torque intervention control 1s
necessary.

Thereatter, whether or not motor and HSG torque control
may be normally executed 1s judged (Operation S102).

As a result of judgment, upon judging that motor and
HSG torque control may not be normally executed due to an
error or Tailure of the motor control unit, a subject of torque
reduction to execute torque intervention control becomes an
engine.

That 1s, 1n a situation in which motor torque control 1s
impossible or charging of a battery by the HSG 1s restricted,
a subject of torque reduction to execute torque intervention
control becomes the engine.

Therefore, 11 motor and HSG torque control may not be
normally executed under the condition that torque 1nterven-
tion control 1s necessary, the torque intervention demand
determination unit determines a torque intervention demand
according to an engine torque reduction amount (Operation
S103) and, when the HCU transmits instructions indicating,
the determined engine torque reduction amount to the engine
control umit, torque intervention control based on the deter-
mined engine torque reduction amount 1s executed.

Here, 11 a subject of torque reduction to execute torque
intervention control 1s the engine, fuel efliciency may be
lowered due to a decrease 1n 1gnition efliciency to rapidly
follow torque.

Thereatfter, 1 motor and HSG torque control may be
normally executed, the current driving mode of the hybnd
clectric vehicle 1s judged (Operation S104).

As aresult of judgment, 11 the current driving mode of the
hybrid electric vehicle 1s the EV mode, engine torque 1s not
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input to a transmission and, thus, a subject of torque reduc-
tion to execute torque intervention control becomes the
motor.

Therefore, 1 motor and HSG torque control may be
normally executed under the condition that torque 1nterven-
tion control 1s necessary and the current driving mode 1s the
EV mode, the torque intervention demand determination
unit determines the torque mntervention demand according to
a motor torque reduction amount (Operation S105) and,
when the torque intervention controller of the HCU trans-
mits instructions indicating the determined motor torque
reduction amount to the motor control unit, torque 1nterven-
tion control based on the determined motor torque reduction
amount 1s executed.

Thereafter, 11 motor and HSG torque control may be
normally executed and the current driving mode of the
hybrid electric vehicle 1s judged as the HEV mode, the
torque intervention demand 1s compared with the sum of
motor charging restriction torque and HSG charging restric-
tion torque (Operation S106).

As a result of comparison, 1f the torque intervention
demand 1s greater than the sum of motor charging restriction
torque and HSG charging restriction torque, a torque inter-
vention demand corresponding to an excess over the sum of
motor charging restriction torque and HSG charging restric-
tion torque 1s recovered by an engine torque reduction
amount.

Here, the engine torque reduction amount 1s determined
as torque intervention demand-(motor charging restriction
torque+HSG charging restriction torque) (Operation S107).

Therefore, if motor and HSG torque control may be
normally executed under the condition that torque 1nterven-
tion control 1s necessary, the current driving mode i1s the
HEYV mode, and the torque intervention demand exceeds the
sum of motor charging restriction torque and HSG charging
restriction torque, the torque intervention demand determi-
nation unit determines [engine torque reduction amount+
motor charging restriction torque+HSG charging restriction
torque] as the torque intervention demand (Operation S108)
and, when the torque intervention demand determination
unit of the HCU transmits instructions indicating the deter-
mined torque intervention demand to the engine control unit
and the motor control unit, torque intervention control based
on the determined torque intervention demand 1s executed.

On the other hand, 11 the torque ntervention demand 1s
less than the sum of motor charging restriction torque and
HSG charging restriction torque, motor or HSG drniving
torque 1s 1n a state of exceeding the charging amount of the
battery (1.e., a state of being capable of applying a negative
(—) torque value to the motor or HSG driving torque) and,
thus, the torque itervention demand may be determined
without a reduction 1n engine torque.

Therefore, if motor and HSG torque control may be
normally executed under the condition that torque 1nterven-
tion control 1s necessary, the current driving mode 1s the
HEV mode, and the torque intervention demand is less than
the sum of motor charging restriction torque and HSG
charging restriction torque, the torque intervention demand
determination unit determines the sum of the engine torque
(maintained), the motor torque reduction amount and the
HSG torque reduction amount as the torque intervention
demand (Operation S109).

When the HCU transmits instructions indicating the
torque ntervention demand determined 1n Operation S109
to the engine control unit and the motor control unit, torque
intervention control based on the determined torque inter-
vention demand 1s executed, and torque intervention control
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1s executed by HSG and motor torque reduction amount
distribution while maintaining the engine torque, as exem-
plarily shown 1n FIG. 4.
As described above, transmission input torque may be the
sum of engine torque, HSG torque and motor torque and,
since torque mtervention control during a shift 1s a request
to reduce the transmission mput torque to a target value, the
transmission input torque follows the torque sum input to the
transmission while the HSG torque 1s changed, as needed, so
as to follow intervention target torque.
With reference to FIG. 5, the motor torque reduction
amount vy and the HSG torque reduction amount p may be
determined by optimal torque distribution in consideration
of HSG and motor efliciencies and, for this purpose, values
extracted from a motor efliciency map and an HSG efli-
ciency map may be used as the motor torque reduction
amount vy and the HSG torque reduction amount . There-
fore, lowering of HSG and motor efliciencies during torque
intervention control may be prevented.
As described above, the torque intervention demand 1s
determined 1n consideration of the states of the motor and
the HSG, the driving mode, the motor and HSG charging
restriction torques, etc. and torque intervention control based
on the HSG and motor torque reduction amounts 1s executed
under the condition that engine torque 1s maximally main-
tamned according to the determined torque intervention
demand, thereby preventing a lowering of engine efliciency
and 1mproving fuel efliciency.
As 1s apparent from the above description, the present
disclosure provides following eflects.
First, when torque intervention control 1s executed during
a shift of a hybnid electric vehicle, torque intervention
control 1s executed based on HSG and motor torque reduc-
tion amounts under the condition that engine torque 1s
maximally maintained, thereby preventing a lowering of
engine efliciency and improving fuel efliciency.
Second, the HSG and motor torque reduction amounts for
torque intervention control are determined through optimal
torque distribution 1n consideration of efliciencies of an
HSG and a motor, thereby preventing a lowering of both
HSG efliciency and motor efliciency.
The disclosure has been described 1n detail with reference
to preferred embodiments therecof. However, 1t will be
appreciated by those skilled 1n the art that changes may be
made 1n these embodiments without departing from the
principles and spirit of the disclosure, the scope of which 1s
defined 1n the appended claims and their equivalents.
What 1s claimed 1s:
1. Amethod for controlling torque intervention of a hybrid
clectric vehicle during a shift, comprising:
judging, by a torque intervention control judgment unit,
that torque intervention control 1s necessary;

determining, by a torque intervention demand determina-
tion unit, a torque intervention demand according to
states of a motor and an HSG, upon judging that torque
intervention control 1s necessary; and

executing, by a torque intervention controller, torque

intervention control by HSG and motor torque reduc-
tion amounts under the condition that engine torque 1s
maximally maintained based on the determined torque
intervention demand.

2. The method of claim 1, wherein 1 motor and HSG
torque control may not be executed, an engine torque
reduction amount 1s determined as the torque intervention
demand.

3. The method of claim 1, wherein if motor and HSG
torque control may be executed and the current driving
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mode of the hybrid electric vehicle 1s the EV mode, the
motor torque reduction amount 1s determined as the torque
intervention demand.

4. The method of claim 1, wherein 1 motor and HSG
torque control may be executed, the current driving mode of
the hybrid electric vehicle 1s the HEV mode, and the torque
intervention demand 1s greater than the sum of motor
charging restriction torque and HSG charging restriction
torque, the sum of an engine torque reduction amount, the
motor charging restriction torque and the HSG charging
restriction torque 1s determined as the torque intervention
demand.

5. The method of claim 1, wherein 1 motor and HSG
torque control may be executed, the current driving mode of

the hybrid electric vehicle 1s the HEV mode, and the torque
intervention demand 1s less than the sum of motor charging
restriction torque and HSG charging restriction torque, the
sum of the maintained engine torque, the motor torque
reduction amount and the HSG torque reduction amount 1s
determined as the torque intervention demand.

6. The method of claim 5, wherein the motor torque
reduction amount and the HSG torque reduction amount are
determined by optimal torque distribution in consideration
of efliciencies of the HSG and the motor.

7. A system for controlling torque intervention of a hybrid
clectric vehicle during a shift, comprising;:

a torque intervention control judgment unit for judging

that torque intervention control 1s necessary;

a torque mtervention demand determination unit for deter-
mining a torque intervention demand according to
states ol a motor and an HSG, upon judging that torque
intervention control 1s necessary; and

a torque 1ntervention controller for executing torque inter-
vention control by HSG and motor torque reduction
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amounts under the condition that engine torque 1s
maximally maintained based on the determined torque
intervention demand.

8. The system of claim 7, wherein the torque 1ntervention
demand determination unit, if motor and HSG torque control
may not be executed, determines an engine torque reduction
amount as the torque intervention demand.

9. The system of claim 7, wherein the torque intervention
demand determination unit, if motor and HSG torque control
may be executed and the current driving mode of the hybrid
clectric vehicle 1s the EV mode, determines the motor torque
reduction amount as the torque intervention demand.

10. The system of claim 7, wherein the torque intervention
demand determination unit, if motor and HSG torque control
may be executed, the current driving mode of the hybnd
clectric vehicle 1s the HEV mode, and the torque interven-
tion demand 1s greater than the sum of motor charging
restriction torque and HSG charging restriction torque,
determines the sum of an engine torque reduction amount,
the motor charging restriction torque and the HSG charging
restriction torque as the torque intervention demand.

11. The system of claim 7, wherein the torque intervention
demand determination unit, if motor and HSG torque control
may be executed, the current driving mode of the hybnd
clectric vehicle 1s the HEV mode, and the torque interven-
tion demand 1s less than the sum of motor charging restric-
tion torque and HSG charging restriction torque, determines
the sum of the maintained engine torque, the motor torque
reduction amount and the HSG torque reduction amount as
the torque intervention demand.

12. The system of claim 11, wherein the motor torque
reduction amount and the HSG torque reduction amount are
determined by optimal torque distribution in consideration

of etliciencies of the HS(G and the motor.

G ex x = e
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